The explosive growth of the mobile traffic demand has triggered the investigation of 5th generation mobile networks (5G) for the future development of wireless communications. The ultra-dense network (UDN) has the ability to effectively improve system throughput and spectrum utilization by deploying a large number of low-power, low-cost, low-power home base stations or micro base stations. The dense distribution of micro base stations poses new challenges in terms of energy loss and interference management. Firstly, the overview of 5G is briefly introduced in this paper. Then, interference management method for UDN is summarized. So far, interference management methods for UDN mainly include interference alignment, clustering, and resource allocation. The principles of the three methods are described in detail. Finally, we conclude that clustering and resource allocation are more suitable for UDN.
Introduction
With the popularization of portable mobile smart devices, mobile data services have shown an explosive growth trend, and a large number of hot spots have been formed in cities, posing huge challenges to existing communication systems. Although system capacity and transmission rate of 4G have increased dramatically compared to 3G, it still cannot meet the rapid development of mo- In the current frequency allocation, it is difficult to find frequencies below 3
GHz that can meet future business requirements. Millimeter waves are electromagnetic waves with frequencies between 30 -300 GHz. There are still many idle frequencies in these high-frequency bands, which is an important resource for expanding the available spectrum. The millimeter wave has strong directionality, which can reduce the interference between beams. However, the path loss is very large due to the high frequency characteristics of the millimeter wave. In addition, the propagation distance is limited due to the influence of the transmission environment.
Massive MIMO is also one of the most prominent technologies for increasing system capacity. The base station configures a large number of antennas and simultaneously serves several users on the same time-frequency resource. In terms of antenna configuration, these antennas can be deployed centrally on one base station to form centralized massive MIMO, and can also be distributed on multiple nodes to form distributed massive MIMO.
Massive MIMO has four advantages. Firstly, compared with the existing MIMO, the spatial resolution of massive MIMO is significantly enhanced, and spatial dimension resources can be deeply exploited. It allows multiple users in the network to use the spatial freedom provided by massive MIMO on the same time-frequency resource to communicate with the base station at the same time, which greatly improves spectrum efficiency without increasing bandwidth. Secondly, interference can be reduced by concentrating the beam in a narrow range. Thirdly, transmit power can be reduced and power efficiency can be increased [1] . Finally, when the number of antennas is large enough, the simplest linear precoding and linear detectors tend to be optimal, while noise and uncorrelated interference are negligible. In previous mobile communication systems, macro cell was split into multiple sectors by directional antennas, which increases the number of accessible users per unit area. However, the difficulty of obtaining the optimal base station position is also increased by the reduction of the cell area. Therefore, it is difficult to increase the number of accessible users per unit area in the 5G cell by splitting manner. Reducing the cell radius can be regarded as one of the technologies in the network architecture system for 5G. It can also increase the spatial multiplexing of spectrum resources so as to meet the demand for future data service growth. The system capacity can be improved by large number of small base stations. In the 5G network architecture, in a coverage area of a macro base station, the density of various types of small base stations will be much higher than that of existing small base stations. The initial form of small cell is femtocell. The home base station was originally designed to provide indoor coverage of the small station. Now its concept has also been expanded: metrocell, hot spot access femtocell, enterprise femtocell and super femtocell, and so on. The small cell now incorporates microcells, picocells, home base stations, and distributed wireless technologies to provide network coverage in a ten-meter indoor environment or a two-kilometer outdoor environment [10] . The mobile operator uses the small cell to extend the coverage of the macro base station and to increase the capacity of the communication network. In areas where there are many users and traffic is heavy, small cells can divert traffic into 80 percent.
The application of the small cell is very rich. It can be placed in the blind area of the macro base station to enhance the network coverage, or it can be placed in the hot spot of the macro base station to reduce the physical distance between the network and the terminal equipment, so as to improve the link quality and increase system capacity. The deployment of the scenario must take into account the requirement for intra-frequency or heterogeneous deployment, indoor or outdoor deployment with macro base stations.
UDN Overview
Since the 5G includes new wireless transmission technologies and the subsequent evolution of various existing wireless access technologies. A variety of wireless access technologies are adopted by 5G, such as LTE, UMTS and Wi-Fi.
There are both macro stations responsible for basic coverage and low-power small stations that carry hot spot coverage, such as multi-layer coverage multi-radio access technologies such as Micro, Pico, Relay, and Femto, and heterogeneous overlay heterogeneous networks [11] . Among these large number of low-power nodes, some are planned macro nodes deployed by operators. The others are likely to be deployed by users without planned low-power nodes.
These low-power nodes may be of the Open Subscriber Group (OSG) type or may be of the Closed Subscriber Group (CSG) type, which make the network topology and features extremely complex.
In ultra-dense network, the throughput can be increased by reducing the path loss between the base station and the user terminal. This makes the system amplify the interference signal while increasing the effective reception signal. Fur- ther, the dramatic increase in cell density makes the interference extremely complex [12] . Therefore, how to effectively eliminate interference is an issue that needs to be considered for ultra-dense network.
Interference Management
The interference management in UDN includes interference alignment, clustering, resource allocation and so on.
Interference Alignment
Interference Alignment (IA) is an effective interference management mechanism. Interference can be overlapped at the receiver through IA pre-coding. 
Clustering
There are a large number of various wireless access nodes in the high density scenario. It is difficult for the centralized control mode to handle a large amount of computation [13] . The clustering of the network topology and the resource allocation in units of clusters have become an important means of improving network performance [14] .
The whole network is divided into several small networks through clustering. The idea of clustering is classified into two categories. One is to divide the micro base stations with very little interference between each other into one cluster, and to place the micro base stations with larger interference into different clusters. After clustering, each cluster is assigning a sub-channel. In [21] , Sun Y, et al. have proposed a multi-cluster based dynamic channel assignment (MC-DCA) and in [22] , Kim S J have proposed a Clustering-based Co-tier Interference Coordination (CCIC) algorithm. Both of these two algorithms adopt the graph dyeing theory, which classifies the base stations with small interference into the same cluster and the base stations with large interference into different clusters. However, this clustering scheme needs to allocate different resources to different clusters. With the sudden increase of base stations, resources are inadequate. In [23] , Chen L has proposed a clustering strategy based on similarity, which defines the reciprocal of the path loss between two base stations as the similarity between two cells. The cluster heads were selected by the max-sum algorithm [24] and then micro base stations are clustered to maximize the cluster similarity.
The other clustering idea is to divide the base stations with very large interference between each other into a cluster. So the interference of different clusters is very small. Cluster head first guarantees the communication quality of the members in the cluster, and then suppress the inter-cluster interference. Most of the studies on interference management are based on this idea. In [25] [33] , an edge is set between every two users, the weight of the edge is determined by the interference between users, and then clustering is performed using graph theory so that the sum of the interference in each cluster is minimized and ensures that users within the cluster do not have significant interference. In [34] , Pateromichelakis E have proposed a user-centric clustering algo-Open Access Library Journal rithm based on load information, taking the load information as a clustering consideration.
Using clustering algorithm to segment the network and using cluster heads for resource allocation can effectively eliminate intra-cluster interference, but inter-cluster interference is still a problem in clustering technology. Inter-cluster interference occurs because some cells may interfere with members of multiple clusters. However, in a traditional clustering system, each cell is allowed to join only one cluster, which inevitably interferes with other clusters. The literature [35] allows a community to participate in multiple clusters, coordinate inter-cluster and intra-cluster interference, and establish a coalition formation game model using cooperative game theory. The players in each cluster contributes their own resources to form resource pools, and then obtains resources from the cluster according to the degree of contribution to communicate. The cells participating in multiple clusters divide the available frequencies into several parts, contribute to different clusters and acquire certain resources from each cluster at the same time. This clustering idea that allows each cluster to cross can be more effectively allocate resources among clusters and avoid inter-cluster interference.
Resource Allocation
Resource allocation is an important issue in wireless communication. Resource management includes frequency allocation, resource block allocation, power allocation and time allocation [36] . There are three ways to allocate frequency between small cells and macro cells: orthogonal allocation, full multiplexing, and partial multiplexing [37] . Under the orthogonal allocation mode, macro cells and small cells use different frequency, which can effectively eliminate inter-layer interference. However, this way of dedicated frequency will reduce spectrum efficiency and affect system capacity. In full multiplexing mode, the small cell can use all the frequency resources of the macro cell. So the frequency reuse rate is high. However there may be serious interference. In partial multiplexing mode, the frequency resources of the macro cell are divided into two parts. One is a dedicated for macro cell, and the other is a dedicated for both macro cell and small cell. In terms of frequency allocation, orthogonal frequency division multiplexing is a key technology used in next generation wireless communications. It has the ability to guarantee the orthogonality among users. So interference can be effectively avoided. It is also possible to flexibly select suitable sub-carrier for transmission to achieve dynamic frequency domain resource allocation. nodes of the same color, and assign different frequency bands to nodes of different colors [39] .
Resource block allocation, that is, sub-channel allocation, can eliminate inter-layer interference and intra-layer interference. Allocating orthogonal resource blocks for macro base stations and micro base stations can eliminate inter-layer interference. Allocating resource blocks within a cluster or between clusters can eliminate some intra-layer interference. If inter-cluster interference is larger than intra-cluster interference, allocate orthogonal resource block to different clusters, or allocate resource blocks based on graph dyeing theory. The former is orthogonal allocation, and the latter is partial reuse [40] [41] [42] [43] [44] . If intra-cluster interference is larger than inter-cluster interference, orthogonal resource blocks are allocated to users in each cluster.
When sub-channels are allocated to the micro base station, it is necessary to ensure that the SUE cannot affect the normal communication of macro user. The interference caused to the MUE must be restricted to a certain SINR threshold. At the same time, the interference between the small cells in the same layer must also meet a certain threshold. In an actual communication system, due to multi-path and shadow fading of a wireless link, there are many factors that can be considered for sub-channel allocation, such as the highest-gain sub-channel, the SINR of each user, and so on.
The power allocation includes the user's power allocation and the power allocation of resource blocks. There are two modeling methods for power distribution. One is the water filling algorithm, which allocates more power to users or resource blocks with high channel gains, and allocates less power to users or resource blocks with low channel gains, even without allocating power [45] . The water injection algorithm can make full use of the available power to increase the system capacity. However, fairness is not taken into consideration in this algorithm. Users with poor channel quality may not get normal services in extreme cases. The other is to solve the power allocation problem based on the idea of optimization, in which the cost is power and optimization objective is the difference between throughput and power [46] - [52] .
Time allocation includes time allocation between macro cells and small cells and time allocation between small cells. The goal of time allocation between macro cells is to maximize the throughput. When the small cell transmits signal, the macro cell uses ABS (Almost Blank Sub-frame) to reduce the transmission power or doesn't transmit signals, which can reduce or eliminate inter-layer interference [53] [54] [55] [56] . There are two type of time allocation between small cells. One is performed by graph dyeing algorithm. The other is to divide ABS into several part allocated to each cluster or small cell. Open Access Library Journal A mixed-integer nonlinear programming model based on the optimization method is proposed in [57] , in which optimization of sub-channel allocation and power control are joint performed. The goal is to maximize the sum of the throughput of each cluster. The constraints include the total user capacity in each cluster, the total transmit power of the femtocell on each channel, inter-layer interference, and intra-layer interference level.
Using the optimization strategy to solve the resource scheduling scheme and maximizing the system performance is the most direct way to optimize the system performance. Such optimization problems can be solved with traditional convex optimization tools such as interior point method, branch delimitation method, Lagrangian multiplier method, and so on. However, due to the non-linearity of the problem and the discontinuity of the solution variables, this type of optimization problem is NP-hard [58] , which causes great difficulties for the computational solution. So low-complexity resource scheduling strategies have been proposed.
Ref. [59] has proposed adaptive frequency allocation scheme, in which the available frequencies of the small cell are divided into a dedicated portion and a shared portion. According to the number of small cells, the dedicated frequency is divided into several frequency bands to ensure the basic communication connection of the small cell. Each micro base station reports and records the cell ID that interferes with the cell by the user, and records the user's gain on each sub-channel according to the history information. The number of cells that have interference with the cell is defined as the interference degree. Each cell is sorted according to the interference degree. Small cell with the highest interference degree has the highest priority, and it selects the highest gain frequency from the resources. Shared resources, used to improve QoS, are obtained by the competition of each cell according to the service needs of the cell [60] . This low-complexity resource allocation strategy requires very little computation [61] . But there is a certain gap between system performance and optimization.
In the high-density trend, distributed algorithms can effectively balance performance and complexity [62] . In [63] , the authors design a micro base station using game theory and enhanced learning algorithm, and distributed algorithm based on historical revenue and frequency selection. They designed two games. The first one was a non-cooperative game, in which each small cell used its own throughput as revenue. The second one was a cooperative game, in which the revenue of all small cells was the throughput of all the small cells in the system. All micro base stations act as players, and they choose their own strategies based on historical returns to maximize revenue. This algorithm does not require the central control node to be responsible for the resource scheduling in the network. Each micro base station independent allocates frequency and power based on historical revenues to optimize its own revenue.
Conclusion
With the rapid development of communication systems and smart terminals, Open Access Library Journal user demands for communication network capacity are exploding. UDN has become an indispensable key technology for future 5G communications. We detailedly describe three interference management methods, including IA. From the Third Section, we can conclude that clustering and resource allocation are more suitable for UDN.
